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(57) Abstract 

An electroacoutic communications unit with a receiver transducer in a housing. The communications unit has accoustic connections 
both from the front side of the diaphragm of the transducer and from its rear side to the area inwardly of the face of the unit for engagement 
with a user's ear as well as to the area outwardly of this engagement face. These four acoustic connections constitute the four branches 
of an acoustic balance bridge with the transducer as a generator. This configuration is particularly expedient, as it is hereby possible to 
reduce the inner air volume in the communications unit behind the diaphragm of the transducer to a size which is without importance for 
the size of the telephone in practice. Furthermore, variations in the degree of tightness of the engagement of the communications unit with 
the user's ear will only influence the frequency characteristic to a very limited degree. 
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An electroacoustic communications unit 

The invention relates to an electroacoustic communica- 
tions unit such as a mobile telephone and a telephone 
handset to be held in engagement with a user's ear, but 
5 also a headphone. 

Particularly in the field of mobile telephones there has 
been a development toward units which both weigh less and 
less and are less and less bulky. This makes great de- 
mands on designers and manufacturers of electronic and 
10 electroacoustic components, which here comprise micro- 
phone and sound generator or receiver transducers. These 

transducers, too, are available toady in smaller dimen- 

sions than before. 

The electroacoustic receiver transducers used here have a 
15 diaphragm for generating acoustic signals in the form of 
sound with frequencies in the audible range. The trans- 
ducer is typically arranged closely adjacent to the inner 
side of the housing of the telephone, there being acous- 
tic connections in the form of apertures whose shape is 
20 carefully adjusted to give the correct acoustic impedance 
and frequency characteristic in engagement with the 
user's ear. The diaphragm moves and emits sound from its 
front side, and for the transducer to operate satisfacto- 
rily, it is necessary that an air volume of a certain 
25 size is available to the rear side of the diaphragm, 
since the diaphragm will otherwise be blocked and pre- 
vented from moving. A too small air volume available to 
the rear side of the diaphragm will reduce the sensitiv- 
ity of the transducer and will result in a frequency 
30 characteristic having an unfortunate course in the form 
of a notch. Therefore, so far, mobile telephones and 
telephone handsets have necessarily had such a volume in 
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the housing, and the size of this volume has so far been 
a limitation for their designers and manufacturers. 

Mobile telephones and telephone handsets are tested for 
their acoustic quality using an ear simulator which is 
5 standardized, e.g. according to IEC 318, IEC 711 or cor- 
responding standards, all of which are based on the 
situation of use, where a user holds the telephone or the 
handset against his ear. To ensure reproducible measure- 
ments, these standards provide guidelines for the me- 
10 chanical structure of the ear simulator and its acoustic 
function with a view to simulating a human ear as best as 
possible, and it is laid down how to carry out a test, 
including how to engage the telephone with the ear simu- 
lator, and in particular the accurate position and orien- 
15 tation of the telephone relative to the ear simulator. 
This means that, for a given telephone, and on the basis 
of the standards, it is possible to define the engagement 
face of the telephone with the ear simulator in the stan- 
dardized test, which, according to the standard, will 
20 correspond to engagement with a user's ear. In the fol- 
lowing, the expression "face for engagement with a user's 
ear" will therefore be used as a synonym for the engage- 
ment of the communications unit with a standardized ear 
simulator, as these faces are identical according to the 
25 foregoing. Such standardized ear simulators are commer- 
cially available e.g. from Bruel & Kj«r as type 4157, 
type 4185 and type 4195. The engagement face is typically 
a circular area with a diameter of 25 mm, the ear simula- 
tor having a ring-shaped engagement face with a 25 mm di- 
30 ameter. Inwardly of the ring-shaped engagement face of 
the ear simulator there is an air volume corresponding to 
the volume of the human outer ear. This volume is the 
sound entrance opening of the ear simulator to a micro- 
phone by means of which the sound from the telephone may 
35 be registered. 
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The size of the air volume in the sound entrance of the 
ear simulator essentially influences the acoustic loading 
of the receiver transducer of the communications unit. 
Any leakage to the surroundings may cause a considerable 
increase in this volume, which gives a significant change 
in the acoustic loading. Changes in the acoustic loading 
may cause measurement results which do not correspond 
correctly to the acoustic properties of the communica- 
tions unit which it is desired to measure. To achieve 
correct and reproducible measurements which are charac- 
teristic of the communications unit, the communications 
unit must therefore, in accordance with the standards, be 
in a tight fitting relationship with the ring-shaped 
engagement face of the ear simulator. 

In use, there will be considerable variations in the de- 
gree of the tightness of the engagement of the communica- 
tions unit with the user's ear, which gives greater or 
smaller acoustic leakages to the surroundings. Such 
variations influence the acoustic loading of the receiver 
transducer, which in turn, depending on the unit's sensi- 
tivity to the acoustic loading impedance, may change the 
acoustic properties of the communications unit. Such 
changes are perceived by the user as variations in the 
sound quality of the communications unit. This is unde- 
sirable . 

Accordingly, there is a need for communications units 
which are leakage-tolerant, that is units which give a 
perceived sound quality for the user as well as measure- 
ment results on an ear simulator all of which, to the 
) greatest extent possible, are independent of leaks or 
leakages both in the engagement of the unit with the 
user's ear and with the ear simulator. 



Mobile telephones are made ever smaller, and telephones 
having a very small inner air volume cannot, with the 
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prior art, readily be made leakage-tolerant, as leakage 
tolerance requires that the transducer has access to a 
certain air volume behind the transducer - typically some 
cm 3 . A very large inner air volume is undesirable, since 

5 this will increase the size of the unit, and, as an 
alternative to a large inner air volume, acoustic open- 
ings could be established from a small inner air volume 
to the ambient air outside the telephone. The transducer 
would hereby have access via the small inner air volume 
10 to an infinitely large air volume, and a leakage-tolerant 
function could be achieved. Such a structure with a small 
inner volume will form an acoustic resonance circuit con- 
sisting of the acoustic inductance of these acoustic 
openings and the acoustic capacitance of the small inner 

15 air volume. Such a resonance circuit will cause the 
frequency response of the telephone to have a relatively 
deep and sharp notch, which will unfortunately be in the 
middle of the useful audio frequency range and will be 
determined by the geometry of the openings and the inner 

20 air volume. 

EP 364 935 describes a telephone handset with a receiver 
transducer, where the front side of the diaphragm is 
acoustically connected with the user's ear through acous- 
tic openings in the handset, and moreover the front side 
25 of the diaphragm is acoustically connected with the inner 
cavity in the handset. 

DE 2 815 051 and US 4 239 945 describe various head- 
phones, where an acoustic connection is set up between 
the front side of the diaphragm and its rear side, said 
30 connection including the volume in the user's outer ear. 

WO 98/24214 describes a mobile telephone, where, inwardly 
of the telephone face for engagement with a user's ear, 
there is an acoustic connection to the front side of the 
diaphragm and an acoustic connection to the rear side of 
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the diaphragm, whereby the telephone becomes leakage-tol- 
erant. The receiver transducer is arranged eccentrically 
relative to the face for engagement with the user's ear. 

All the above-mentioned known structures have a consider- 
5 able air volume in the housing behind the diaphragm. 

With a communications unit according to the invention, 
four acoustic connections are established from the dia- 
phragm to the outer side of the housing, there being two 
connections from the front side of the diaphragm and two 

10 connections from its rear side, and both the front side 
and the rear side of the diaphragm are connected via re- 
spective acoustic connections with both the area inwardly 
of the face for engagement with a user's ear, that is 
with the user's ear, and with the area outwardly of this 

15 engagement face, that is with the ambient air. These four 
acoustic connections constitute the four branches in an 
acoustic balance bridge with the transducer as a gen- 
erator . 

By introducing a fourth acoustic connection between the 
20 front side of the diaphragm of the transducer and the air 
outside the communications . unit, it is ensured that a 
leakage-tolerant unit may be constructed with a small 
inner air volume, as the effect of the acoustic resonance 
circuit may be cancelled to a great extent. The principle 
25 is that a leakage in the engagement with the user's ear 
will contribute to a notch in the frequency response via 
the connection to the front side of the diaphragm, while 
the effect will be, via the connection to the rear side 
of the diaphragm, a corresponding peak in the frequency 
30 response at the same frequency. This compensation will 
greatly be independent of the size of the leakage. 

Thus, an acoustic balance bridge has been established. 
The notch in the frequency response curve will vary in 
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frequency from one telephone to another because of toler- 
ances in the connections to the air outside the tele- 
phone, but the effect of the acoustic balance bridge is 
that leakage variations will give changes in two of the 
5 branches of the bridge, and it is here the same acoustic 
resonance circuit which is included in both of the 
branches of the bridge which are affected by leakages, 
whereby variations in both frequency and amplitude are 
balanced, and the bridge will still be in balance. 

10 This configuration, where both the front side of the dia- 
phragm and its rear side are acoustically connected both 
with the user's ear and with the surrounding air, is par- 
ticularly expedient, as it is hereby possible to reduce 
the inner air volume in the telephone behind the dia- 

15 phragm of the transducer to a size which has no impor- 
tance for the size of the telephone in practice. The 
small volume inevitably causes a relatively sharp reso- 
nance, that is with a relatively great amplitude varia- 
tion in a relatively narrow frequency range, but, accord- 

20 ing to the foregoing, variations in both frequency and 
amplitude will be balanced. 

In use, there will be variations in the degree of tight- 
ness of the engagement of the communications unit with 
the user's ear. These variations occur for the individual 

25 user from time to time, and there may also be consider- 
able variations from one user to the other. With the in- 
vention, these variations only influence the frequency 
characteristic to a very small extent, because both the 
front side of the diaphragm and its rear side are con- 

30 nected with this variable degree of tightness, which is 
thereby incorporated in two branches of the acoustic 
bridge . 
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Thus, with the invention it is possible to construct a 
communications unit which is leakage tolerant and which 
just has a quite small inner air volume. 

Mobile telephones and telephone handsets frequently have 
5 a housing consisting of two shells which are assembled 
along their edges. This assembly will be more or less, 
tight, and in any event it will be difficult and expen- 
sive to make it completely tight sealed. According to the 
invention, the acoustic connection between the rear side 
10 of the transducer diaphragm and the surrounding air may 
advantageously be provided in relation to this assembly, 
and it may even be formed as a discontinuity in the form 
of an incision in one of the edges of the shells at the 
assembly. Leakages, if any, in the assembly between the 
15 shells outside this discontinuity form part of this 
acoustic connection, and variations in the leakage are 
compensated to a great extent by the invention. 

A preferred embodiment of the invention will be described 
below with reference to the drawing, in which 

20 figure 1 shows a cross-section of a communications unit 
according to the invention, 

figure 2 shows a simplified equivalence diagram for the 
acoustic structure of figure 1, 

figure 3 schematically shows the position of a relatively 
25 large receiver transducer in a communications unit ac- 
cording to the invention, and 

figure 4 schematically shows the position of a relatively 
small receiver transducer in a communications unit ac- 
cording to the invention. 

30 Figure 1 shows a cross-section of a mobile telephone 
which has a housing consisting of two shells, a front 
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shell 10 and a rear shell 11. The housing accommodates a 
printed circuit board 12 on which electronic components, 
indicated by hatching, are mounted. A schematically shown 
receiver transducer 20 is mounted on the inner side of 
the front shell 10, e.g. by means of double-sided adhe- 
sive tape 13 which gives an acoustically tight seal. The 
transducer has a schematically shown diaphragm 21 with a- 
front side 22 and a rear side 23 having mounted thereon a 
coil, which carries a coil in a magnetic field in a known 
manner so that the diaphragm can convert electrical sig- 
nals into acoustic signals in a known manner. The front 
side 22 of the diaphragm faces inwards toward the front 
shell 10, and the rear side of the diaphragm faces toward 
the interior of the telephone. In figure 1, a volume C is 
> shown around the transducer 20 behind the shell 10. 

In figure 1, an ear simulator 30 is indicated in dashed 
line, and the telephone is shown schematically here in a 
standardized test position relative to the ear simulator. 
The telephone hereby engages the ear simulator with an 
0 engagement face 33 which defines an area 31 inwardly of 
the engagement face 33 and an area 32 outwardly of the 
engagement face 33, so that these two areas are separated 
from each other. 



5 



30 



There is a first acoustic connection 41 from the front 
side 22 of the diaphragm of the transducer to the area 31 
inwardly of the engagement face 33. This first acoustic 
connection 41 is the primary acoustic connection from the 
diaphragm 21 to the user's ear. There is a small volume 
between the front side 22 of the diaphragm and the shell 
10, designed to be as small as possible so that, together 
with the acoustic impedance, it gives a resonance fre- 
quency which is outside the active frequency range of the 
telephone and thereby does not influence the sound qual- 
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ity, but merely serves as a short transmission line to 
the user's ear. 

There is a second acoustic connection 42 from the rear 
side 23 of the diaphragm of the transducer through the 
5 volume C to the area 31 inwardly of the engagement face 
33. The first and second acoustic connections 41 and 42, 
respectively, thus connect the front side 22 of the dia- 
phragm and its rear side 23, respectively, with the area 
31, which represents the entrance opening to an ear simu- 
10 lator and the entrance opening to a user's ear. 

The telephone has a third acoustic connection 43 from the 
rear side 23 of the diaphragm of the transducer and 
through the volume C to the area 32 outwardly of the en- 
gagement face 33. In the embodiment shown, this connec- 
15 tion extends through an opening between the two shells 10 
and 11 of the telephone, but it may also be formed as a 
separate opening in just one of the shells. 

A fourth acoustic connection 44 connects the front side 
22 of the diaphragm of the transducer with the area 32 

20 outwardly of the engagement face 33. Also the fourth con- 
nection 44 is designed so that - like the first connec- 
tion 41 - it gives,' together with the small volume be- 
tween the front side 22 of the diaphragm and the shell 
10, a resonance frequency which is outside the active 

25 frequency range of the telephone. 

Figure 1 shows the transducer 20 as a relatively small 
unit arranged at one side of the housing of the tele- 
phone, that is asymmetrically, the first and second con- 
nections being arranged together at the centre of the 
30 telephone. The structure shown here is also useful to- 
gether with relatively large receiver transducers, but 
the structure is expedient particularly in the use of 
small transducers, as great freedom is achieved with re- 
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spect to the position of the transducer in the housing, 
and, as shown, the transducer may be arranged offset 
relative to the engagement face 33, and it may even be 
arranged inclined relative to the housing. 

Figure 2 shows a simplified electrical equivalence dia- 
gram for the above-mentioned acoustic structure in figure. 
1. The transducer 20 is shown here as a generator having 
an inner acoustic impedance RG, which is shown here as a 
pure resistance. Each of the four acoustic connections 
41, 42, 43 and 44 is shown here as consisting of an in- 
ductance LI, L2, L3 and L4, respectively, in series with 
a resistance Rl, R2, R3 and R4, respectively. The induc- 
tances represent air masses in the respective acoustic 
connections, and the resistances represent frictional 
15 losses in the connections. In the area 31 inwardly of the 
engagement face 33, the user's ear has an acoustic load 
impedance for the telephone, which is represented by a 
resistance RL in the electrical equivalence diagram. The 
volume C around the transducer 20 behind the shell 10 is 
represented by a capacitance C in the equivalence dia- 



10 



20 



30 



gram. 



It will be seen from figure 2 that the impedances repre- 
senting the four acoustic connections constitute a bridge 
coupling with four branches and with the transducer 20 as 
25 a generator. The volume C, together with the acoustic 
connections 42 and 43 and in particular their inductances 
L2 and L3, form two resonance circuits, both of which are 
fed from the rear side 23 of the diaphragm and are con- 
nected in the equivalence diagram with their respective 
ends of the acoustic load RL. Clearly, by suitable dimen- 
sioning of the acoustic connections 42 and 4 3 to substan- 
tially the same resonance frequency and resonance width, 
the effect of these resonances on the acoustic load RL 
will neutralize each other. As a result, the acoustic 
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output signal is essentially independent of the volume C 
in the telephone. This means that e.g. mobile telephones 
no longer have to have an acoustically active inner air 
volume to be leakage-tolerant, and these communications 
5 units may hereby be made even smaller. 

Figure 3 schematically shows the inner side of the front, 
shell 10 of a mobile telephone. The face 33 for engage- 
ment with a user's ear is shown here with its inner di- 
ameter 25 mm. A receiver transducer 20a with an outer di- 

10 ameter 20 mm is arranged offset relative to the engage- 
ment face 33. The first and second acoustic connections 
41 and 42, respectively, are shown positioned around the 
centre of the engagement face 33, while the fourth acous- 
tic connection 44 is positioned outwardly of the engage- 

15 ment face, but inwardly of the periphery of the trans- 
ducer. , . . . 
Figure 4 likewise schematically shows the inner side oi 

the front shell 10 of a mobile telephone with the same 
engagement face 33 with a diameter 25 mm like in figure 
20 3. The receiver transducer 20b is here a smaller model 
with a diameter 15 mm, which thus corresponds to figure 
1. In the same manner as in figure 3, the first and sec- 
ond acoustic connections 41 and 42, respectively, are 
shown located around the centre of the engagement face 

25 33, just as the fourth acoustic connection 44, here too, 
is positioned outwardly of the engagement face, but here 
outwardly of the periphery of the transducer. Like in 
figure 1, the connection to the opening in the shell 10 
is shaped as a depression or groove in the inner side of 

30 the shell 10, said groove extending below the double- 
sided adhesive tape 13. 
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Claims 

1. An electroacoustic communications unit comprising 

a housing with a wall (10, 11) defining an inner 
side and an outer side of the housing, and 
5 an electroacoustic transducer (20) having a dia- 

phragm (21) with a front side (22) and a rear side 
(23) for generating acoustic signals, said trans- 
ducer (20) having a centre and being arranged on the 
inner side of the wall (10) and the front side (22) 
10 of the diaphragm facing toward the wall (10), 

wherein acoustic connections (41, 42, 43, 44) are pro- 
vided between the inner side and the outer side of the 
housing, and, in relation to the acoustic connections on 
15 the outer side of the housing, a face (33) for engagement 
of the communications unit with a user's ear (30) is de- 
fined, and wherein the acoustic connections comprise 

a first acoustic connection (41, LI, Rl) between the 
20 front side (22) of the diaphragm and an area (31) 

inwardly of the engagement face (33), 

a second acoustic connection (42, L2, R2) between 
the rear side (23) of the diaphragm and the area 
25 (31) inwardly of the engagement face (33), 

a third acoustic connection (43, L3, R3) between the 
rear side (23) of the diaphragm and an area (32) 
outwardly of the engagement face (33), 



30 



characterized in that there is moreover 



35 



a fourth acoustic connection (44, L4, R4) between 
the front side (22) of the diaphragm and the area 
(32) outwardly of the engagement face (33) . 
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2. A communications unit according to claim 1, char 
acterized in that the first, second, third and 
fourth acoustic connections form an acoustic bridge with 

5 four branches. 

3. A communications unit according to claims 1-2, 
characterized in that the first, second, 
third and fourth acoustic connections have acoustic im- 

10 pedances (LI, Rl; L2, R2; L3, R3; L4, R4) adapted to 
achieve a desired frequency characteristic for the commu- 
nications unit in engagement with the user's ear (30). 

4. A communications unit according to claim 3, char- 
15 acterized in that the acoustic impedances are 

adapted so that the frequency characteristic is essen- 
tially independent of the degree of tightness of the com- 
munications unit in engagement with the user's ear (30). 



20 



25 



5. A communications unit according to claims 1-4, 
characterized in that the centre of the 
transducer is offset in the plane of the wall (10) rela- 
tive to the centre of the communications unit face (33) 
for engagement with the user's ear (30). 



6. A communications unit according to claims 1-5, 
characterized in that the housing comprises 
two shells (10, 11) which are assembled along their 
edges, and that the third acoustic connection (43, L3, 

30 R3) is provided at these edges. 

7. A communications unit according to claim 6, char- 
acterized in that the third acoustic connection 
(43, L3, R3) comprises a discontinuity in an edge of one 

35 of the shells (10, 11) . 
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8. A communications unit according to claims 1-7, 
characterized in that a volume (C) in the 
communications unit forms part of the second acoustic 
connection (42) and of the third acoustic connection 
(43), and that the second acoustic connection (42) and 
the third acoustic connection (43) are adjusted to 
substantially the same resonance frequency and resonance 
width. 
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Fig. 4 
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